Further evidence for the importance of this relationship for the survival of Calyptogena comes from the adaptations the clam has made to accommodate the endosymbiont. Sulphur-oxidizing bacteria require sulfide as an electron donor and oxygen as an acceptor (or nitrate in anoxic conditions) to fix carbon. But sulfide and oxygen can react spontaneously, making it difficult for a single-celled organism to obtain both from the environment at the same time [13] . Calyptogena overcomes this barrier for its endosymbionts by arranging the bacteriocytes in the outermost layer of gill epithelial cells, so that they contact both the oxygen (or nitrate)-rich water and the sulfide accumulated in the blood of the clam [14] . Calyptogena sequesters the sulfide by pushing its highly vascularized foot into the substrate, where it can access mineral rich water from the vents while keeping its inhalant siphon in the ambient seawater above.
The relationship between C. okutanii and its endosymbiont is clearly essential for the survival of both organisms and manifests itself at multiple levels of organization. The genome sequence of the endosymbiont provides an intriguing window into the biology behind this interaction and how it affects both the clam and the symbiont. As we explore more deep-sea host-symbiont systems it will be fascinating to determine the extent of endosymbiont genome reduction and the parallels between the process of symbiont reduction on land and in the depths of the ocean. A giant step in that direction has now been claimed by Liu and Ochman [2] . The paper quickly attracted (favorable) comment in ScienceNOW [3] and set off a firestorm of commentary (pro and con) in the evolutionary blogosphere. In ScienceNOW, Michael Lynch is quoted as saying ''Complexity builds out of simplicity, and this [the Liu and Ochman paper] is a well-documented argument for how that can happen.'' Maybe so, but there are some caveats we evolutionists should consider before hailing Liu and Ochman [2] as our next champions in the war against unreason. It is important that we scrutinize their arguments with special care, because they are likely to be under contention at the next trial.
Liu and Ochman [2] present two conclusions about the evolutionary histories of the 24 'core' flagellar genes in Bacteria that they consider ancestral for all flagellated bacteria. First, they assert that all 24 (not just eight) are homologous to each other, deriving from a single ancestor through successive duplications and diversifications, a sequence of events they reconstruct with phylogenetic analyses. Second, they argue that lateral gene transfer (LGT) has played only a minor role in the evolution of these 24 genes, that with only two exceptions ''each of the genes has followed a common history in bacteria since they originated'' (presumably at an early time, prior to the divergence of the major bacterial lineages).
The evidence presented for the first claim is the apparently significant BLAST scores between many individual flagellar genes, collectively uniting them all. This ''single ancestor for all core flagellar proteins'' hypothesis is, however, heavily criticized on the Panda's Thumb weblog (http:// www.pandasthumb.org/) by Matzke, who suggests that faulty setting of BLAST defaults has misled Liu and Ochman [2] , and that homologies beyond those among axial proteins already noted are misinterpreted. Equally problematic, we think, is their conclusion that ''proteins forming the flagellum, the rod, hook and filament proteins, originated in an order that mirrors the 'inside-out' flagellar assembly process''. Common sense might suggest such a scenario, but only rooted trees, which Liu and Ochman [2] do not provide, can prove it.
Is there more solid evidence for congruence of individual evolutionary histories of core genes, on which the second claim (little LGT) is based? Liu and Ochman [2] arrive at their conclusion by comparing well-supported branches (those with >75% bootstrap support) for each of the 24 individual gene trees against well-supported branches in the tree for 14 universally present core genes, concatenated (strung together) and treated as a single gene. Close inspection of their data shows that the number of alignable positions for individual gene datasets (kindly provided by R. Liu) is often very low (as low as seven amino acids) and the resulting phylogenetic trees in general lack high bootstrap support for most individual branches. Five of the 24 core gene trees have only one well-supported branch, and the gene sets with many supported branches often have multiple homologs per organism, making many supported branches irrelevant for the comparison to the concatenated reference tree. If only very few branches are in agreement with the reference tree (and often these are different branches in each gene set), then there really is no evidence that they share a 'common history' (without LGT) in bacteria.
Critics of LGT often assume that trees with little resolution, because they do not show statistically significant conflict, must be in agreement and support vertical descent. But most often there is simply insufficient signal. Making vertical descent the null hypothesis is to assume that which was to be proved -and in this case to give false credibility to the claim for a common evolutionary history. Moreover, seven of the 24 genes actually do disagree significantly with the concatenated phylogeny for one or two branches. Hence, Liu and Ochman [2] have quite likely overlooked some documentable events of LGT as well as systematically mistaking 'absence of evidence' for LGT as 'evidence of absence' of LGT.
This same bias may be responsible for misinterpretation of the comparison of the concatenated 14-gene phylogenetic tree to a reference 'species' tree (reconstructed from mostly ribosomal proteins [4] ), which is shown as their Figure 2 . Although Liu and Ochman [2] claim that only four taxa exhibit different histories, the two phylogenetic trees actually disagree at 13 branches (counting only those with more than 75% bootstrap support) while agreeing at only 10. In addition to the four taxa highlighted as affected by LGT in this figure, there are conflicts involving the positions of Desulfotalea psychrophila, Idiomarina loihiensis, Gluconobacter oxydans, Caulobacter crescentus and the group comprising Mesorhizobium, Sinorhizobium and Agrobacterium, as well as conflicts at internal branches.
Before Darwin, the argument from design -eloquently encapsulated in William Paley's aphorism of the watch on the heath -seemed compelling. Ever since Darwin, natural selection operating on chance variation has provided a naturalistic alternative, making it unnecessary to invoke conscious design to explain adaptation. Indeed even ID-ists accept Darwinian explanations for adaptations they deem less than irreducibly complex. So we evolutionists need not take on the impossible challenge of pinning down every detail of flagellar evolution. We need only show that such a development, involving processes and constituents not unlike those we already know and can agree upon, is feasible. The specific scenario suggested by Liu and Ochman [2] -step-by-step elaboration of a single-purpose complex structure using only duplication and divergence within a single genomic lineage -is especially onerous, and coincidentally especially vulnerable to misinterpretation by those who need to see evolution as purposive. Alternatives involving LGT, cobbling together parts with separate origins and multiple other original functions would take advantage of combinatorial, mix-and-match principles, and facilitate the evolution of complexity. So if Liu and Ochman [2] turn out to be wrong about the extent of LGT, this should be no cause for ID-ists to rejoice.
